Four molecular approaches to determining the types of Candida albicans strains were compared. The strains used were those whose repeated DNA (ribosomal and mitochondrial) EcoRI restriction fragment length polymorphisms (RFLP) were determined by Stevens et al. (D. A. Stevens, F. C. Odds, and S. Scherer, Rev. Infect. Dis. 12:258-266, 1990). Scherer and Stevens (S. Scherer and D. A. Stevens, Proc. Natl. Acad. Sci. USA 85:1452-1456 used the same strains to examine the Southern blots of genomic EcoRI digests probed with the repeated sequence 27A. The results of these investigators were compared with determinations of RFLPs generated from repeated DNA by the enzyme Hinft and examination of the karyotypes of strains under two sets of conditions, one for the smaller chromosomes and one for the larger ones. Analysis of RFLPs of repeated DNA is most convenient but shows the lowest degree of resolution. Use of the repeated sequence and use of karyotype have very high resolution, but the former method is more convenient than the latter. Hinfl digestion is more sensitive than EcoRI digestion but equally convenient. By using all four methods, separate types were identified for 18 of the 20 strains examined.
Four molecular approaches to determining the types of Candida albicans strains were compared. The strains used were those whose repeated DNA (ribosomal and mitochondrial) EcoRI restriction fragment length polymorphisms (RFLP) were 27A . The results of these investigators were compared with determinations of RFLPs generated from repeated DNA by the enzyme Hinft and examination of the karyotypes of strains under two sets of conditions, one for the smaller chromosomes and one for the larger ones. Analysis of RFLPs of repeated DNA is most convenient but shows the lowest degree of resolution. Use of the repeated sequence and use of karyotype have very high resolution, but the former method is more convenient than the latter. Hinfl digestion is more sensitive than EcoRI digestion but equally convenient. By using all four methods, separate types were identified for 18 of the 20 strains examined.
Candida albicans is a major fungal pathogen of immunosuppressed patients. Several studies of the epidemiology of Candida infections have been carried out (3, 6, (9) (10) (11) (12) (13) , but definitive relationships between type and such properties as pathogenicity, commensality, and infectivity or between relapse and reinfection have not been established. In part, this lack is due to the difficulty of defining types specifically and reproducibly. As a result, biotyping of Candida species has been the subject of several recent reports (1, 2, 5, 8, (13) (14) (15) .
These recent reports and the earlier literature have been reviewed by Merz (6) , who compared the advantages and disadvantages of the various methods. He suggested that DNA typing, especially by determining restriction fragment length polymorphisms (RFLPs) and by electrophoretic karyotyping, is one of the methods with the greatest potential for discrimination.
These two methods theoretically seem very satisfactory in determining strain identity or difference, since they directly measure genotypic differences rather than phenotypic ones, and the definition of two identical organisms is that their genomes have the same DNA sequence. One of the simplest of the genomic approaches makes use of the highly repeated DNA sequences, including those of ribosomal DNA (rDNA) and mitochondrial DNA. Digestion with a single restriction enzyme like EcoRI yields several fragments which are present in concentrations high enough to reveal the fragments as distinct bands on a stained electrophoretic gel (4, 9) . These bands are derived from the mitochondrial DNA and rDNA, and they vary enough in size to permit the assignment of various strains to biotyping groups (9) . Other restriction enzymes, most notably Hinfl, which produces a characteristic fragment from the variable spacer region in the rDNA (4) 7 in order of decreasing size (1 is the largest). The rDNA-bearing chromosome is always one of the three slowest migrating chromosomes in a pulsed-field gel electrophoresis separation. However, its migration rate varies with respect to the other two large chromosomes. Hence, it is called R, rather than being given a number.
One highly variable aspect of the electrophoretic karyotype is the size of the two homologs of chromosome R. Apparently because of unequal crossing over, the migration rates of these homologs change with a very high frequency (16) . One should therefore be cautious in using differences in the migration rate of these homologs to separate strains into different types.
Merz suggests that it would be useful to compare results of various typing methods on a large set of strains (6) . In order to compare the relative usefulness of typing by electrophoretic karyotype with typing by RFLPs (ranging from 5 to 10 to 50 to 100 repeats per genome), we investigated a set of strains originally typed by Scherer et al. (10, 14) . These were isolated during a hospital outbreak of candidosis, and their relatedness was determined both by the RFLPs of cellular DNA visible by ethidium bromide staining after digestion with the restriction enzyme EcoRI and by RFLPs revealed by probing the same digestions with the repeated element 27A. In this paper, we compare the types generated by analysis of karyotypes of the strains with the published results from the other two methods (9, 13) . We also examine the usefulness of the Hinfl RFLPs in biotyping.
MATERIALS AND METHODS
Strains and culture conditions. The strains used for electrophoretic analysis were those described by Scherer and Stevens (10) and further examined by Stevens et al. (14) . The cells were grown on YEPD medium (4) (14) . In an earlier publication, Scherer and Stevens had analyzed the same group of strains by using the middle repeated element 27A (10) . Although they did not divide these strains into groups, inspection of their data yields 10 types based solely on identical band position. Table 1 summarizes the data on these strains from these two papers. Figure 1 (9) in order opposite to that in reference 14.
b Arbitrary type assignment based on the data in Fig. 5 of reference 9. chromosomes 1 and 2. Chromosome R varies in size at a rapid rate; it is therefore somewhat unsatisfactory as a basis for biotyping. Separated homologs of the other chromosomes, on the other hand, are a more stable basis for strain differentiation. We can determine which of the light bands between chromosomes 1 and 2 are chromosome R homologs by blotting the gels and probing them with labeled rDNA. Figure 2 shows the results of such a blot for a separation of the chromosomes of strains 1 and 2 similar to that shown in Fig. 1A . The arrowheads indicate the positions of chromosomes 1 and 2 on this gel. Comparing the blot with Fig. 1A , one can see that for strain 1, one of the chromosome R homologs migrates at the same rate as chromosome 1, and the other is the slower, lighter band between chromosomes 1 and 2. For strain 2, on the other hand, both homologs of chromosome R migrate at the same rate, i.e., between chromosomes 1 and 2 under these conditions. Similar experiments (data not shown) suggest that the light bands in the chromosome 1-2 regions in strains 11, 16, 18, and 20 are variations in homologs of chromosomes other than chromosome R.
Using only the appearance of new bands which are not homologs of chromosome R, we can divide these strains into four types. Type El contains strain 1; type E2 contains strains 2 to 9, 12, 13, and 16 to 20; type E3 contains strain 10; type E4 contains strain 11; and type E5 is represented by strain 14. Figure 3 shows electrophoretic karyotypes of the same strains run under conditions designed to separate the smaller chromosomes, 4 to 7. In this separation, variations in the number of bands appear in lanes 1, 10, 11, and 16 in Fig. 3A Use of Hinfl restriction enzyme polymorphisms. We pointed out in an earlier paper that digestion of genomic DNA with Hinfl yields a single band from the highly repeated rDNA repeat and that since this enzyme seems to cut in the nonconserved spacer region, the sizes of the fragments generated are highly variable (4) . It seemed useful to test this molecular-typing approach on the strains in the present study. We therefore carried out a HinfIl digestion as described previously (4) and measured the separated bands. Figure 4 shows the stained gel, and Table 2 gives the sizes in base pairs of the major Hinfl bands. It is evident that this method, too, has excellent resolving power, yielding 9 types based on size of the major band among the 20 strains. Note that strain 1 has two prominent Hinfl bands. We attribute this to heterozygosity at the rDNA locus. The lighter bands provide yet another strain signature for typing. We do not know the source of these bands, but they appear reproducibly and must stem from some other repeated DNA, possibly mitochondrial. (Their relative brightness makes it clear that they are not derived from rDNA.) Using them allows one to generate 13 types by Hinfl digestion alone (Table 2) . While the correlation of Hinfl polymorphisms with the EcoRI RFLP type is high (but not perfect), the correlation with other biotyping methods is rather low. For example, strains 8 and 12, 10 and 13, and 14 and 20, pairs indistinguishable on the basis of the RFLPs demonstrated by the 27A probe, have different-sized major Hinfl bands. The overall Hinfl types provide even more resolution. Combining the data in Tables  1 and 2 , it can be shown that by the use of all the methods described in this paper, the 20 strains can be resolved into 18 types. relapse, whether commensally carried strains are the source of infection, and whether there are particular strains adapted to particular body niches (e.g., the rectum compared with the vagina). Classic approaches to determining types, such as growth on a particular substrate or reactions to a particular antibiotic, are subject to the limitation that a specific phenotypic characteristic may be the result of one or several genotypes, and thus, strains that appear identical may in fact be different. Use of molecular approaches gets around this problem, since such approaches directly test genotypic character. No one approach (other than completely sequencing the genomes of two isolates) can ensure identity, but a combination of several such approaches can give a very high probability of detecting differences if any exist.
DISCUSSION
In these present studies, we utilized the information from two kinds of molecular studies previously described for these strains: the RFLPs generated from repeated DNA by digestion with EcoRI (14) 
